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(54) POLYMERIZATION OF CYCLIC ETHER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
industrially advantageously polymerizing a cyclic ether, 
capable of suppressing deterioration of a polymerization 
catalyst with the passage of time by carrying out ring 
opening polymerization while reducing water content 
concentration in a polymerization reaction system. 

SOLUTION: When (A) a cyclic ether (preferably 
tetrahydrofuran) is subjected to ring opening 
polymerization reaction in the presence of (B) a carboxylic 
acid anhydride (preferably acetic anhydride) by using (C) 
a solid acid catalyst to provide a polymer in which a part 
or all of ends of a polymer is esterified, the polymerization 
reaction is carried out while keeping concentration of 
water in the reaction system to 230ppm, preferably 2 
10ppm. Furthermore, the amount of water content in the 
reaction system is preferably reduced by hydrolyzing the 
component B in the presence of a hydrolysis catalyst and 



at least one kind of catalyst selected from a cation 
exchange resin having 3 0.001mmol/g ion exchange acid 
amount and the component C and not substantially 
having polymerization activity to the component A is 
preferably used as the hydrolysis catalyst. 
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(54) [3BW<z>£*] S«x-^;K^>a^*S 



(57) [Sttl 

xmmm&Ri&zitx, m^m<DMm<D-^xi^x^ 
5 - 1 ^^^^^fi^^-^/^com^fe 




1 

[»*JS2] S/S^ ?gi£^l 0 p pmOTi: 

[»*«5] HflcSl^fi^ttfflE^, 6 0 0^-1, 1 
SO^^lgtKM^IL^ {Ge, Sn„ Pb, 
B, AU G a , Zn, Cd x C u, F e , Mn, N 
i, C r „ Mo. W\ Ti, Z r . Hf, Y, La. C 
e. Yb. Z n. Si} a>b#Sf¥J; 0 jgfcf*L57C§fi<Z> 

7 ] M*##ttjS£;dS, 15 0-4 5 0 'C^M 
*"ejKfi£br#e>n5 (Nb, Ta, Al, Re, P, 
S, V, W, Mo, Si) X <9 #5#>&>b»fc£;ix57C3ff 
(OfMcm * fc£*-&BMtt» S: JB v ^ 5 If * 1 6 fc:|E«<z>St 

l 0 ] £^tt«9E i: *07K5W!¥*jj|E 4: «:#*9J<£> 

**4 ic:|E*^»^— r^oS-&*feo 

6 0 0^-1, 
-C#e>tbfc {Ge, Sn. Pb, B, A 1 , Ga, Z 
n, Cd, Cu, Fe s M ru Ni N C r , Mo N W x 
Ti, Z r , H f , Y. La, Ce, Yb, Zn, S 




(2) ¥?m^l 0-5 3 6 4 7 

2 

2mm&±(D^mfrbte&m&mikm^ {Nb, t 

a, Al, Re, P, S, V, W, Mo} J: 9 
?>atf4x57t:3(l^i6{t«J*a«F«. 1 5 0-4 5 oxix 

2] gtt*^— Tfr'&'T Yy^ ^77^ 

10 /U-OS^Sso 

[i*si3] jjfrtf^m&fomffi. MTkmmxhz 

[0 0 0 1] 

#v^**i:«^«^#*ET-T*BB«fi^U. ^y^ 
BI-rstcQ-e&So ^i^Kfl S^RJS«W>£>tt 

[0 0 0 2] 

SHO- [ (CH 2 ) .O] .-H (m^2JM-b^S 

ft, n f* l «_h<^Sft£^1- 0 ) "e^Stvsw^iS^— 

7tKn77> (THF) <E>fi^RjSfc J: 9 mhtlZ 
h7^f^!)3^ (PTMG) t?fo 

^^yn^t;\ -KHO- [ (ch 2 ) 4 o] „ 

-H (nfcfc2£JLb, 4, 0 0 OWT^SftT^StbSS 

[0003] sfc, *ffi-e«}R«ran4#y^^^^9 

^m^^ h^—(DJWMt l,X<Dm&\z-tti. ft^F 
i^^^?-* (Mn) ^5 0 0-3, 0 0 0gS©+^ 
t0PTMG^fflV^tt5 o d^5PTMG(??^iSS© 
-Oibt, ftl¥4-3 0 6 2 2 8fM, 
f*. *|l#f^5, 3 4 4, 9 6 4^af(^^tlt 
^<5#D< , S i 0 2 - A l 2 Os<D <t 5* I I I 

3. o- — io. o(Dm^-m<tm^&^mmt vxm 
v\ mmtmykmmi : 15-15 : Kou^mco^ 

50 h^t Kp^7>-(^W«*^S/tSrtTV\ 




3 

ir^— h (PTME) fi^ft^f. L^S^MAPTVI^ 
[0 0 0 4] rtte><DHff«*«^*«Ett, ftW^ 

15 0 0-4, 0 0 0OPTME*3a*WJi.Oltt!tWSfe 
[0 0 0 5] 

< ftl/\> ^(Z5fcfePTMES:igli»«jtc:X||«j**U^jS 

■f s r t »rffiT?s> So 

[0 0 0 6] #5£Wf*. 
[0 0 0 7] 

fc£o IP*>. ttfflEi UTt^u-r^^McDM^^SfK-ffl 
SrilS^ixTV^^ £ «^BMb*j ffl 

[0 0 0 8] f^x^r/KDl^se^^o^r^, J&Pc 

^>&mitmcT~t t^wkb*:^ in;k#*?u i, 

ite"C#i\ g^THFti^l 00- 

6 0 0 ppm©*^ff4t5o ^^TKiJ'SJi/W^Ktt 

[0 0 0 9] ffioT, JBSHSh^ h7t Kn77^lt 

^Tk^ft^i o o p pm^msra^u^ 

J^ifsfcOx h7t Kn77 XDfcft&Z 1 0 0 p p m^T 




(3) WMffl^Pl 0-5 3 6 4 7 

4 

00-5 0 0 ppmJ;niWSia$^ 30ppmK 
T, »^ l< ^ 1 0 p p mg(T}-^6ttiiC LTiSI 

[ooio] irf£t>h, #«91f*, ##c^--tv^#^ 

irzwnwm^xMmm&frf&%ft o^t z^mt-t 

[0 0 1 1 ] 

T\ 2~1 O^fe^a^fbiV ft^ftticte:. ^h^t: 
FP77V (THF) , xf umt>f K, /DtV 

20 ir/^V, 1, 4—v?^i^V^SfflV^e>i^-&o 2 
[0012] r/Wtt. 1 0 0 p p mJ^T 

£ffi;^#v^>b<z>i& s #f* bv^s % h©ioo-600 

p pm^)*^i(?)t)£7)T*fcott)SfflT^§ 0 fi^fi* 

a) {Ge. Sn. Pb, B. AK Ga, Zn, C 
d , C u , F e . M n , Ni, C r . Mo, W\ Ti, 
Z r. Hf N La, Ce, Yb, Zn % Si} ^fe 

?5: 5 W <fc 9 il^ 6 1 «S*5 <fc t^/X 2 «itt±Oi 
itrnZG 0 0^—1, 1 5 O^OiaM-ettEfifeWiSSrlfeb 

xmitmt Lfc«js 0 

[ o o i 3 ] b ) si ^t^A i Sr-g-*r-rstt±fk^ 

40 c) BEA, EMT, ERI, EUO, FAU. HE 
U, LTA, LTL, MAZ, MOR, MTW, NE 
S. OFF. TON^5>/«C5«^batftt5«aS^^3j- 
7-^ Ml (Structure Commi ss ion 
of thelnternational Zeol 
ite AssociationCOTATLAS OF 
ZEOLITE STRUCTURE TYPES, 
Third Edition (1992), W. 
M. Meier amd D. H. Olso n Etfe) * 

50 [0 0 14] £*xfcf;MMffi-T?ffl^TfcS^U 2 ®^_h 




5 

ttft¥*9^ii:tr, 5 0 0^?>4, oooss<^)« 

GSr»5Kfci\ ±i£<£>a) N b) , c) J;!9 3fcHi,. ^ 
O#^0S63SR (H a mm e t t Index) 
:y h<£)J#^§£rfflV\ HO (s^*yY<D&gm9LK-£Z> 
Wi&<D&m ] £5^+3. 3, ff*L<|j:H0^-3. 

[0 0 15] *J8W*eii, fi'&ftft^i: LT^/K^iS 
ttfflEirLTf*, JbfB (a) <D#^&«^Beffctt;Xf*« 

MWf-^ {Ge, Sn N Pb N B, AU Ga, 
Zn s Cd s Cu. F e , Mn N Ni, Cr, Mo. 
W v Ti, Zr, Hf x Y, La v Ce, Yb, Zn. 
S i} ^fe*S»«J:9»«tbS2«SJKJi<D^S<©*£4 

(llgftt-*^£ftv^fig) t;i*5v^TT/i-#y^T^ 
[ooi6] m~T.m.t u^^j; 9tcbr#e>tb^m 

SKI. T/^^^(7>^FiStt^f^#ffla, XteSSa 
S>SVMi*S?»*^f^^^fi6^tt^f^#iafiCT, 6 0 0 

-lis o'c-ejBfesu mm<Dm<tm (mfcm^m&m 
m) *#5o jpnajaEj^MKi lt«M6 00-115 
0*0. b< f*6 o 0 — 1 o 0 o<c<DfamT*ftt>n 

[0 0 17] *#iJll£*3^Ttt\ fi^S/S^*^*^ 
S*^»ftS:iD*5>»ttjlK(-J:91B:«S^ 3 0 PP m 
SIT. ff*t<|j:20pp m«T, IM« KlilO 
P P mHT©*»l«i ft 5tt«l:ft«f LT«ttx-f 

[0 0 18] ^/S^^i^^iX^TKcOglg^Xffiffiiai- 




(4) #fH¥ 10-53647 

6 

ffl f S £ <b J: 9 ffi * * 3 * & 

i i i) ftftmmm* fit&m&mv&mz&y^ th 

&&mtfbtiZ>o ba>U i i) 0>;frfeteR*#Ii£R* 
L fc* S: R$ < fc (c: 3£ JH ft ^ R W£»f1^s ^55 i 
ft£ c i i i) (D^ma. THF (Dfl&TkCDfztblC&mm 

10 t Lt^ji«Mt b y y ^A^T/^ 

[0019] i) <^R/S^ JP*5>*ttfflE 

Ttt. ^>-3f*»»^0. OOlmmol/g^lt 

*5^ttffiWS#*bV\> ^flciftfcifc^ ^T<^A) -E) 
20 J: 5ftiD*55 k «PRffi;*t«:^i->^u^'r^ KKSIlftflft 

[0 0 2 0] A) »>r*V£tfcWflg. «ifl -so, 

typKvy-x (=*ffc^ («) Sfp) t* comm. 

C) S i ^t>^A 1 *r-&*-rstt±^*^*«c. 

D) (Nb, Ta, Al, Re, P, S, V, W, M 
30 o, Si} J:9ftSW^^»«*bS7t:*(D»Yk4fe*fctt 

m^mit^^l 5 0- 4 5 O^^fiTMLT^^P 
(ft*5, !M^^r(7) 1 5 0-4 5 O^COS 

«T?j*fiEi-Sri^J:<9. y^fy KSH4 
-ftyMti^lTO. OOlmmol/gHi^ 

v^-r ^ » ^ l^^^f r o t l ^ v 

40 ^7V^f^ KK*^5# ^tuftV\ ) 

e) *»ft:r/^^^^AS:4 0 o*ceJiJiojaaE-t?ftLffib 

[0 0 2 1 ] *fcA) -E) 
T HF^Ol^-f/H^t b-Cfi^Jgtt ^Thft V ^ 

*^*dSj£<ft«9. »*b<ftV^ 0 A) -E) ^(^AllTk 
4>«?«fflE^«fc»?, m^^ + ^^^^TK^ffi^r, X7 

50 t5*SiLti^ m&fcJ£^ftfL^xM7kftMJ3if& 




7 

[0 0 2 2] gp^ftpg^LT (1) S^K/EK$fc3:*>. 

m<DA) -f^-^awMg. b) m*?* h*g, o «± 

D) «rS^A«^*-&»ft». E) rnkTAo^ 
[0 0 2 3] brt* (2) fi^j&$t<t s 

fc#aErs*Sr4M». tB»£^5#ifc* (3) fi^ft*£R 
{Ge s Sn, Pb, B, Al, Ga, Zn, C 
d . C u . F e , M n . Ni, C r , Mo, W, Ti, 
Z r . Hf, Y. La. C e, Yb, Z n, S i } ^6 

5i¥ J; 9 Stf*t55GigSrg- t*«ffc«>*3 Jctf/Xf* 2 « 

tit, m&mM^nAftMmm&mmzittii)^ 
r\ to7kftMM®.mtm&mmm<Dmx%w^mm&m 

«t^>o ) t^cO^ffi^J^ bTi^:, (4) 

{Ge s Sn, Pb s B, Al, Ga N Zn N Cd, C 
u, F e, Mn, Ni, Cr. Mo, Ti, Z r , 
Hf, Y N La s Ce, Yb, Zn, Si} j&>e>#5» 
J: «9 «Jiix57cSf(OB6fk«i*5 JcUvOU* 2 «S«±05c 
R^feftS/^^KM^Bftft^^S^jBSE*. Si/ 

^^m^^n^m-r) it&i osx±<o* prosy 

h-V*?^ hJtf-6 o ot- iio o'CTiBferirt-S 

je * ft k s * & swirt- s , ( ^ r x+m&mm 

o«^i*t^o S i/M^i 0^Jhr&£^ 

dl^U 6 o o^«±^iKM-e«ljS!S;-rsfc«>, An*5)-«¥ 

^KMST?fc+5>-t?fcSfci6^ffi«-efe?>. Si/M^ 
i o*ffirte-fef^-f hOfllag^)— aJ*fe^lfi$ds«[« 

s*b#*b<*v\ ) hmfbnz> 0 tsbic, (5) 

(2) ~ (4) JcBB«lbfcttaS:fflv^a^KJCt2:3feSc 

1-5 a) -r^-v^wg, b> if^^-r h®, o «s± 
<\&m, d) a^Hflcsgzit^E) ^r^^^* 




(5) ¥fM¥- 10-53647 
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[0 0 2 4] fulB A) -E) <aHttgMfe&»±, 
MiiUO. 0 0 1mmol/gH±O»i*ft 

[-Y ;^£tfcBfeftSJj£j5&] 3 0 g CON aCl^lOOc 
c LrBWK U^NaCl 1 0 c c l^fefe 

[0 0 2 5] rt^^co (1) — (5) <D^itC^oV^r, 

SfrW^tt. ^fe (i) ©i&l^feitrn ^jdtK^ 

a^^l/V^^^K^S ttft* (#(^j:NbS 

^^^40 o^^Ji^Mftr^sur^^tv^^b 

7/>^!>A«:«fflU l^ililt^ a) (D/^ 

m\vm m\^z rR-ayxns \<o 

[0 0 2 6] #85 (2) irbrti. D) J[JD7K^fl¥tt (« 

»<^b^i-s^o^t?»*bv\ #ffi (3) cDjjmtv 
30 r, HuiEi) <Dm&mm\z., ^/^>mm^<DM^ 

fc*'tt0* (Nb, Ta, Al, P, S, V, 

w, Mo} %:&Mfrhm&nz>5nm<D immu±<D 

^»K*««S*r*«WB**»5#i**sWJc:*» 
t*&5o r^J:5t^br#oixfcttaffirffi»w, 

[0 0 2 7] JbD^^E* £ IT fctiiflf 1 5 0 — 4 5 0 
'C, b< t^2 5 0 — 4 0 O'C^JtUEWiBV^MarrfT 



9 

0-45 otoisiaot^^fy kb»^^ 

yJMt^lTO. 0 0 5mmol/gl^±fflU 
S/S^*^7K»««*3 0 p P m£JlTi:^^iS;<-r5 

[0 0 2 8] ^(D^ffi^^:*5V^r«F{^:^f*L,<«, mflE 
i ) ©i-^ili LT, Z r&UvOmS i <£> (iS^) 

^CO^tf^tt^o (4) ^*3V^T. S i/M^Sl 

B x Al x Ga x Zn N Cd, Cu N Fe N M ru 
Ni, Cr.Mo.W. Ti, Zr, Hf, Y % La, 
Ce x Yb N Zn. Si} a>&/jr53¥«fc 9 »i#K5&JR 

T?S>5 S i /M^ i 0H±^t7-f h«!r^Lr^7 

J*lKt UTttii«4 0 0 — 1, 10 O'C, b< 
6 0 0—1, 0 0 O^OiSMTffTibiX^o 

[0 0 3 0] ^(D^m*<DM^y4 hd*. f9*n 
tt, Z r j&S#fcI#*LV\, 

#Sfc (5) 

ro^ft-e^ miBb^fe (i) (Wfea^jfe) xt* 

Sfrffi; (2) - (5) <**»8Lfr8;) Srfi^fcHirTfT 

[0 0 3 1 ] #3BW{;i*5^Tte. HufS^r^ (1) <£>itff#L 
S^fe, XteXfe (2) , (3) t>L<tt (4) <Z>»* 




(6) #HH^1 0-5 3 6 4 7 

10 

[0032] ^p^^^ov^r^-r^^/^/^^iiTk* 
2-8 i^iig^^fts^ y &t>v* fcttwt^^ / 

r^^Lt, iififO. 0 1 — 1. 0 (^-/ujt) <^JSIffl 

[0 0 3 3] ^ LTSit L^c PTMG 

^(7)^^(Z)^^-7"/^ (PTME) &J&J&1rZ><DX\ 
20 ^PTME^B^W. Xf^tJT — <fc 

— /K l, 4 y^^§©7;^^^ ^a- 

gttfc^— f/n ^-/Hc*fur. il^io- 4 — o. 5^e/p 
30 JttoflrefcSo 

[0 0 3 4] JgM^-^i-fflv^tb 

ttjKSrKrt;»^ttj&^T*S:^S^:S*jfe (E]»* 

*) , m^—^/^k^/^^mm7Km^^Kf^i±y^ 
fixh^\ 

[0 0 3 5] m^mm<Dmmmk lth mm<owm\z 

40 j;oT^^, #(CP5^^/^^^^ MZ.li&\frmfcl& 

mz&-t&&k. m^m(Dm^mmk^^ 0 

0 1—50 fiftfg, » * Kl^O.01-20 MMfeco 

mmfrhts ft&it:^ mmRjt^Rjt>mm^m^^xm^ 

50 S)t >9 OffltS^««&*^^SttfflE^ft4r*i-tO-e& 
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[0036] Mmm&Ri&umn. ii^o-2oo c c. 

b 1 0MP a#f£ b< «^JBE^& 5MP a <£>JE;>J<E>jBH 

t^***iU PTMEW, Si«^%lLT 
o . l~20 H#ffl<£>ifiB, #f£ KliO.5-15 »#P*1 

[0037] ^%tW3rm-£ V , fi^K/Si- J: 9 

SWS^* (Mn) 2 0 0-8 0, 
0 0 0, #i-2 0 0 — 4 0,0 0 Om^<Di&— tpft^M 
©PTMGSriSitms, Mi-, fi*^*S5HP* 
/fR^^JI-C^SttS^*^* (Mw/Mn) <Z> 

p tmg ^m^^mm-e^ o-e& 

5o BP^>. Mw/Mn^2 0*t 0!l*_kfl. 0 — 1 
o. ocoPTMG^SKgas-e^ XlKfafcflSlM 5 ;*:^ 
Mw/Mn 1 . 0 — 4. 0, £tbt-f£l. 1 — 3. 

(Mw/Mn) flSl. 1-2. OgftfcS^-ftM 
^ P TMG Sr#S r i ^T*# 5c ftot, * 

W5 00-3, 0 00, #117 00-2, OOOT* 
Mw/MniJSl. 1—3. O.^Mttl. 1—2. Ot 

tmg %m&-t& - £ ^~e^ £ 0 
[0 0 3 8] itui£Ufd<i: 5 i-, **W-efifi-&<ttJSE<t b 
Ti) <D m&) »fkte*«Effl"rS^i:^»*bV^^ 

«E^W±dS*S*r i^ff bft& 0 Mx.fi. [h]^£c/£ 

[0 0 3 9] 

l£*5^T, KlSBB*6B#ra, Mn, Mw, JR*. 0 ii^tL 

[0 04 0] R/£BB*&B#ra : j^&<Z>EJSm«f;iK5£i* 
*vc^5*8? (Water bath) i;iKJS**&8t 




(7) WBB 5 ! 21 10-53647 
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(0) : MLfcTHFI^f^PTMG^ii 

ai^-r/KZ)Sft% (ft r 0 j (^>fI5co 0 F*3<©fl#Rnte:R 

^B#ra4r*L., -t"*fet (Xhr) j teXB#f?flf£cD 
) 

Mn: Gel Permeation Chroma 
t o g r a p h y i£«fc "«9il0^Lfe»^*&5>^* o 
[0 0 4 1] Mw : Gel Permeation 
Chroma tograph y J; 9 80^ LfcM^JS 
10 5H^*o Mw/Mn (Xhr) i*X B#Fflf£(7>Mw/M n 

rfiflR«>S i 0 2 ffi<£ (B±->y ^>7f±Sp p p, Sfn* : 
ty7^fQ-15, 10-20^^) 5 0g?:« 
|^l/3-r)A2ttll. 7g x fh7^>y^ 

S7 0ml^g«Lfc o 6 O^idT^^y— ^SrJJBES 

Wk ^<£>^8 0 0 < C*-e2B#BB3 0»^ltT#ML, 8 
20 0 0^3 NPM(S«fL^:«. ^Lfco :©Zr0 2 
/S iO 2 ftl^tyMtl^0. OOSmmol 

/ g -e^o/co r<z)j:5^triSLfcZr0 2 /s i 

OattjKSrJCJ-, S iOa^LTlmo l%^)NbC 
l s &t>*2. 5mol%©i*i:lgiU^;^ 

12 0l;TMI!fU Mi-, 3 0 0ttlO«FWiSL 

fee 

[0 04 2] rtU-£9, 1 mo 1 %N b 2 O s - 5 m 
o 1 % Z r 0 2 / S i 0 2 <^«rit(7>ftblKSr»fco - 
30 ^->^5£lSfcB6Jttt. 0. 0 4 7mmo 1 /g-efeo 

(fi-^SiS) ±l2^iSLtNb 2 Os-ZrO z /S 

Ot;, f h7t Kp77>/I*S»=1/0. 036 
(^/Wt) , LHSV=0. 5 (hr" 1 ) "T?R/ESrfro 
fc D ^(7)f^ THF, «*B»^JW»a^««l2:'&**t 
5*^M«130ppmt&ofc 0 RiS^ttiPgPi- 
*5WS*^*J±«ltHIR# (1 Oppm) £rFT?S>9, * 

40 ^*J5 0 rh7tKP77^6ft* (0) <£><BTLfc 

j£tt=*i«F* (%) = 0 ( 5 0 0 h r ) / 0 ( 2 0 0 h 
r ) X 1 0 0 

= {Mw/M n ( 5 0 0 h r ) } / {Mw/M n ( 2 0 
Ohr) } t^it§<b, S14iMlfiF*«5 8%, 3H=-* 

jgffc^tt: l . 0 3 (Dimm b *bfc 0 

mmm2 

m*ftte*kM<omsi) mflg£>s io 2 fi» (t±vy 

50 i/TttM, |gp p p* : ^rt y 7^ b Q- 1 5 , 10 — 2 
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0;*^*) 5 6g»^ (V) 7. 79g^ 

10l*Hft«FLfciftSLfco r<DNb 2 O s /S i O 
2ttfflE^-Y^>'2K*»*ttO. 0 4mmo 1 /g-Cfeo 

tfcStfq, BiiBi* : hQ— 1 5. 10-20^ 

5 0gS:fflKv?;l/3 = ?A2*fil 1. 7g, 

« Lt 7« ^ y -;^S 7 0mi (ciit § 0 S«re$>5 
^ms o^JtT#mu 8 o om3 n#rafly*bfc 

BfcifcfcO. 00 5mmol/gtfcof: 0 
r 0 2 <D**5MI|j»jK*fltrS^*aRffi»K:, Z r 0 2 

/s i o,«^j|fca^«aotffflRfi;*tc:*ixJe*t3lS* 

[0043] ara^MKjesaaft^Rrtswsr^v^y 

*fc. THF, te^^jg^jg^^^^^^jg 
Ste. HuSOR/ES^emf-T? 130ppm, tffIS:<Z>RJS 

[oo44] mttm 3 

m^m^mt tt, ^-^h (^^rtt, pural 

SB) ^6 0 OtTMLtf^iftT/V^^A^ * 
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HF, ^*»»OS^««(^*tbS7k^««fi. m 

m^Rf&^mm-e i s o P P m, «ra<^Ri£»iiifl« 
[0045] *aRis*ap^e>o4**^e>*«>y5:ffi 

10 Jfc*fc« 1 

Hl^J 1 X*&m bfc S i O z fflfls 5 0 g SrSBBS^^ ~ 
9^2*4611. 7g, fF7xf/^!i^h9. 1 

OO^t2ffl3 05>tMU 8 0 0^X3^ 
fSWbfc^&Slbfco ^^)Zr0 2 /Si0 2 »l^ 
^-^*K*t*0. 0 0 5mmol/gT*ot 

(s^rjE) jiia-ewKbyhz ro 2 /s i o 2 m<tm 

ft<D9kffi±i 3 o p pmtfcofco SJS»mna5fc:*5t* 
iStti»»tti3%, l . 0 7 

30 [0 04 6] 



